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1 EP06492 

Description 

The present invention relates to laminated metal- 
polymer-metal panels suitable for aircraft applications. 
More particularly, the invention relates to splicing such s 
laminated panels in order to reduce the number of joints 
between adjacent panels in an aircraft fuselage or wing 
or empennage. 

Metal-polymer laminates for aircraft applications 
are known in the prior art. For example, Schijve et al 10 
U.S. Patents 4,489.123 and 4,500,589 disclose lami- 
nates reinforced with aromatic polyamide fbers, and 
Vogelesang et al U.S. Patent 5,039,571 discloses a lam- 
inate reinforced with S2 -glass fbers. These laminates 
are being accepted for some aircraft applications is 
because they generally have better mechanical proper- 
ties and lower specific gravity than aluminum alloys. In 
addition, they are available at lower cost than f toer-rein- 
forced polymer matrix composites. 

Metal-polymer laminates for aircraft applications 20 
are presently limited to a maximum width of approxi- 
mately 152 centimeters (60 inches). This maximum 
width results from the fact that metal sheet material in 
the specific alloys, tempers and thicknesses needed for 
aircraft laminates is restricted by present manufacturing 25 
technology to a maximum width of only about 152-165 
centimeters (60-65 inches). 

The weight of an aircraft fuselage increases in 
direct relationship with the number of joints between 
adjacent body panels in the fuselaga The number of 30 
joints is inversely related to the width of the body panels. 
Accordingly, increasing the width of aircraft body panels 
by splicing or otherwise will directly reduce the fuselage 
weight. 

Although the desirability of splicing adjacent lami- 35 
nated panels to increase their width is readily apparent, 
until the present invention, there has not yet been devel- 
oped a satisfactory technique for increasing the width of 
such panels without detrimentally affecting their 
mechanical properties. 40 

A principal objective of the invention is to provide a 
laminated metal-polymer body panel for aircraft applica- 
tions made with spliced metal layers and having satis- 
factory mechanical properties. Surprisingly, spliced 
laminates of the invention have increased residual 45 
strength compared with unspliced laminates. 

It is a related objective of the present invention to 
provide an aircraft structure such as a fuselage or wing 
or empennage, made with laminated metal-polymer 
body panels and having reduced weight. so 

Another objective of the invention is to provide an 
aircraft structure made with laminated metal-polymer 
body panels and having satisfactory mechanical proper- 
ties. 

Additional objectives and advantages of the present 55 
invention will become apparent to persons skilled in the 
art from the following detailed description. 

In accordance with the present invention there is 
provided a laminated panel comprising at least 
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(a) a first metal layer having a thickness of less than 
1 mm and comprising a first section, a second sec- 
tion generally coplanar with the first section and a 
first splice line between the first and second sec- 
tions; 

(b) a second metal layer having a thickness of less 
than 1 mm and comprising a first section, a second 
section generally coplanar with the first section and 
a second splice line between the first and second 
sections, the second splice line being spaced later- 
ally from the first splice line by at least several cen- 
timeters; and 

(c) a fiber reinforced adhesive layer between the 
first and second metal layers. 

In an embodiment of the invention, the metal layers 
of the laminated panel have first and second lateral 
edges on opposite lateral sides of the splice lines, the 
first and second lateral edges being separated by a 
width of at least 165 cm. 

In accordance with the present invention, there is 
provided an aircraft fuselage comprising a plurality of 
frame members supporting a plurality of generally longi- 
tudinally extending stringers. A plurality of longitudinally 
and circumferentially extending body panels are 
attached to the frame, preferably by through fasteners 
which are rivets in a preferred embodiment. Body pan- 
els of the invention may also be attached to the wings or 
empennage by utilizing analogous techniques. 

The body panels are metal-polymer laminates 
made with two or more metal layers and an adhesive 
layer between each of the metal layers. Adjacent metal 
layers in the laminate are generally laterally coexten- 
sive. In other words, the metal layers are generally 
coextensive in both the longitudinal and circumferential 
directions when the panels are attached to an aircraft 
frame. The laminates are preferably generally rectangu- 
lar and contain 2-20 metal layers and 1-19 adhesive lay- 
ers. The metal layers are less than 1 mm thick, more 
preferably 0.1-0.9 mm, and most preferably 0.2-0.5 mm. 
In a preferred embodiment, the metal layers have a 
thickness of 0.3 mm (0.012 inch). 

The metal layers may be made from a metal having 
a tensile strength of more than 0.20 GPa. Some suitable 
metals are aluminum alloys, steel alloys, titanium al toys, 
copper alloys, zinc alloys, magnesium alloys and alumi- 
num matrix composites. Aluminum-copper alloys of the 
AA2000 series, aluminum-zinc alloys of the AA7000 
series and aluminum-magnesium-silicon aDoys of the 
AA6000 series are preferred. Some particularly pre- 
ferred alloys are AA2024 aluminum-copper; AA7075 
aluminum-zinc and AA6013 aluminum- magnesium-sili - 
con. 

The adhesive layers are made from synthetic poly- 
mers such as epoxy resins, unsaturated polyesters, 
vinyl esters, phenolic resins and thermoplastic resins. 
Epoxy resins are particularly preferred. 

The adhesive layers are similar in thickness to the 
metal layers. The adhesive layers are less than 1 mm 
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thick, more preferably 0.1-0.9 mm and most preferably 
0.2-0.5 mm. Adhesive layers of about 0.3 mm (0.012 
inch) thickness are utilized in a preferred embodiment. 

The adhesive layers are preferably reinforced with 
continuous fibers of a material such as glass, aromatic s 
polyamides ("aramids") and carbon. The preferred glass 
fibers are S-2 glass or R-glass fibers each containing 
about 58-69 wt.% Si0 2 . 18-29 wt% Al 2 0 3 and 7-19 
wt.% MgO. Also suitable are less expensive E -glass ffo- 
ers which contain about 55 wt.% Si0 2 . 15 wt.% AI 2 0 3 , 
1 9 wt.% CaO. 7 wt.% B20 3 and 3 wt.% MgO. One suit- 
able aramid fiber is made from poly-paraphenylene- 
terephthalamide. The fibers may have a modulus of 
elasticity of about 60-650 GPa and an elongation at 
break of 0.2-8%. The fibers are preferably continuous 
filaments each having a diameter of 3-30 micrometers. 

A preferred laminate is reinforced with S2 -glass fib- 
ers in the adhesive layers. The S-2 glass fibers prefera- 
bly have a diameter of 8-12 micrometers, and they make 
up 35-75% of the total volume of adhesive and fiber in 
the adhesive layers. 

Unspliced metal-polymer laminates containing 
materials similar to those utilized in the present inven- 
tion are disclosed in Schijve et al U.S. Patents 
4,489,123 and 4,500,589 and Vogelesang et al U.S. 
Patents 4,992,323 and 5,039,571 . The Schijve et al pat- 
ents cover laminates made with aluminum alloy sheets, 
a thermohardening adhesive layer and aromatic polya- 
mide fibers. Vogelesang et al U.S. Patent 4,992.323 
covers a laminate provided with a synthetic thermoplas- 
tic layer which may contain a polyarylate, polysulphone, 
polyethersulphone, polyetherirnide, polyphenylene 
ether, polyphenylene sulphide, polyether-ether ketone, 
polyether ketone, polyether ketone-ketone or a liquid 
crystal polymer. Vogelesang et al US. Patent 5,039.571 
covers metal-polymer laminates reinforced with S2- 
glass fibers. 

At least one of the fuselage body panels has a 
width greater than 165 centimeters (65 inches). More 
preferably, the panel width is at least 300 centimeters 
(118 inches). In a particularly preferred embodiment, 
the panel width is about 305 centimeters (120 inches). 
As used herein, the term "width" may refer either to the 
longitudinal dimension of the panels or to their circum- 
ferential dimension when they are attached to an aircraft 
fuselage. 

Aluminum alloy metal layers in the laminates usu- 
ally have a maximum width of about 60 inches (152.4 
centimeters). In order to provide greater width in the 
body panels, the metal layers are manufactured in sec- 
tions. At least one of the metal layers includes a first 
section, a second section generally coplanar with the 
first section, and a splice line between the sections. 

The body panels of the invention preferably include 
a first metal layer comprising first and second sections 
having a first splice line between them and a second 
metal layer comprising first and second sections having 
a second splice line between them. The first and second 
splice lines are preferably generally parallel and spaced 



apart by a distance of at least several centimeters. More 
preferably, the parallel splice lines are spGced apart by 
at least 10 centimeters or 20 centimeters. 

There may also be a third metal layer between the 
first and second metal layers and comprising first and 
second sections separated by a third splice line. When 
the third splice line is generally parallel to the first and 
second splice lines, it should be spaced from both the 
first and second splice lines by at least several centime- 
ters and preferably by at least 10 centimeters or 20 cen- 
timeters. 

The adhesive layers preferably contain glass fibers 
bridging the splice lines. The glass fibers are generally 
uninterrupted adjacent the splice lines. The f toers may 
be oriented in one direction or in groups corresponding 
to several cfiffererrt directions, depending upon the load- 
ing condition of the structure Preferably, at least one- 
half of the fibers extend perpendicular to splice lines in 
adjacent metal layers. In a particularly preferred embod- 
iment, one-half of the fibers are oriented in a 0° (longitu- 
dinal) direction and one-half are oriented in a 90° 
(circumferential) direction. Alternatively, one-third of the 
f foers may be oriented at 0° and two-thirds at 90° or two- 
thirds may be oriented at 0° and one-third at 90°. 

In an alternative embodiment, the third splice line in 
the third metal layer may extend generally parallel to the 
fuselage longitudinal axis and transverse or perpendic- 
ular to the other splice lines. When the third splice tine 
extends longitudinally, the body panel should be joined 
to a stringer in the frame by fasteners on opposite sides 
of the third splice line. For example, a stringer having a 
base straddling the third splice line will be joined to the 
panel with a first through fastener joining the first sec- 
tion in the third layer to the base and with a second 
through fastener joining the second section in the third 
layer to the base. The through fasteners are preferably 
rivets. 

Figure 1 is an exploded fragmentary perspective 
view of an aircraft fuselage made in accordance with the 
present invention. 

Figures 2A, 2B and 2C are top plan views of metal 
layers for making a spliced laminate of the invention. 

Figures 3A, 4A and 5A are exploded perspective 
views of alternative spliced laminates of the invention. 

Figures 3B, 4B and 5B are assembled perspective 
views of the laminates of 3A, 4A and 5 A, respectively. 

Figure 6 is a perspective view of a spliced laminate 
of the invention. 

Figure 7 is a fragmentary cross-sectional view of an 
aircraft fuselage. 

Figures 8 and 9 are perspective views of test spec- 
imens of metal -polymer laminates. 

Figure 10 is a graph showing fatigue behavior of the 
laminate of Figure 8. 

Figure 1 1 is a graph showing fatigue behavior of the 
laminate of Figure 9. 

Figure 12 is a graph showing residual strength of 
spliced and unspliced laminates. 

There is shown in Figure 1 an aircraft 15 having a 
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fuselage 16 made with several body panels or skin pan- 
els 20 of the present invention. The aircraft 15 has a 
frame which includes drcumferentialfy extending frame 
members 22 and longitudinally extending stringers 24 
supported by the frame members 22. The body panels 
20 are spaced outwardly from a principal or longitudinal 
axis 26 of the fuselage 16. 

The first body panel 20a shown in Figure 1 adjoins 
a second body panel 20b along a first lateral joint 30. 
Similarly, a second lateral joint 31 joins the first body 
panel 20a to a third body panel 20c. In addition, a fourth 
body panel 20d joins the first panel 20a along a first lon- 
gitudinal joint 32, and a fifth body panel 20e joins the 
first panel 20a along a second longitudinal joint 33. 

The spliced laminates of the invention are made up 
of alternating layers of metal and a fber-reirrforced 
adhesive. Figures 2A, 2B and 2C show configurations of 
some metal layers 40, 41 , 42. The top metal layer 40 in 
Figure 2 A is made up of a first section 40a and a second 
section 40b separated by a first splice line 45. The bot- 
tom metal layer 41 in Figure 2C is made up of a first sec- 
tion 41a and a second section 41b separated by a 
second splice line 46. A middle metal layer 42 in Figure 
2B includes a first section 42a and a second section 42b 
separated by a third splice line 47. 

Some alternative embodiments of spliced lami- 
nates 20 made in accordance with the invention are 
shown in Figures 3A, 3B, 4A, 4B, 5A and 5B. The lami- 
nates shown therein are all made up of alternating 
metal layers 50 and adhesive layers 51 . The metal lay- 
ers 50 are made of sections separated by splice lines 
55, 56, 57, 58. The metal layers are sheets of a 2024-T3 
aluminum-copper alloy having a thickness of 0.3 mm 
(0.012 inch). The adhesive layers contain an AF-163 
epoxy resin reinforced with S2 -glass fibers. About half 
of the f toers extend in a 0° (longitudinal) direction and 
about half extend in a 90° (circumferential) direction. 
Figure 6 shows another laminate 20 made up of alter- 
nating spliced metal layers 50 and adhesive layers 51 . 

There is shown in Figure 7 a stringer 24 attached to 
a spliced body panel 20 of the invention. The panel 20 
includes a first metal layer 61 , a second metal layer 62 
and a third metal layer 63 between the other layers 61 , 
62. The panel 20 also includes fiber reinforced adhesive 
layers 64. 65. 

The third metal layer 63 includes sections 63a and 
63b separated by a splice line 70. 

The stringer 24 is attached to the panel 20 by 
means of rivets or through fasteners 71, 72 extending 
through opposed lateral sides of the base 54a, 54b 
positioned on opposed sides of the third splice line 70. 

Figure 8 shows a specimen of a spliced laminate 80 
which was tested for fatigue behavior. The laminate 80 
includes a spliced front metal layer 81, a spliced back 
metal layer 82 and an unspliced middle metal layer 83. 
The metal layers 81 , 82. 83 each comprise 2024-73 alu- 
minum-copper alloy sheets having a thickness of 0.3 
mm. The metal layers 81 . 82, 83 are sized at 300 mm in 
a longitudinal direction L and 100 mm in a transverse 



direction T. 

Adhesive layers 91, 92 between the metal layers 

81, 82, 83 comprise an epoxy resin reinforced with S2- 
glass fibers. About one-half of the fibers extend in the 

5 longitudinal (300 mm) direction and one-half of the fib- 
ers extend in the 100 mm (transverse) direction. The 
adhesive layers 91. 92 also have a thickness of about 
0.3 mm. 

Figure 9 shows a test laminate 90 simitar to the one 
10 in Figure 8. except that there are five metal layers 81. 

82, 83, 84, 85 and four adhesive layers 91 , 92, 93, 94. 
The spliced laminates 80, 90 each include a front 

side or front wall 81 divided into a center section 81a 
and lateral sections 81b, 81c. Similarly, the back wall or 

15 back side 82 is divided into a center section 82a flanked 
by lateral sections 82b, 82c. The spliced center sections 
81a, 82a each have a width W of 20 mm. The lateral 
sections 81b, 81c. 82b. 82c are each 40 mm wide. 
Fatigue behavior of these laminates 80, 90 was 

20 measured by providing the center sections 81a, 82a 
with transversely extending saw cuts to simulate cracks. 
The specimens were then subjected to fatigue loads of 
6-120 MPa, and crack length was measured as a func- 
tion of the number of fatigue cycles. Measurements 

25 were performed on both spliced and unspliced lami- 
nates. 

Fatigue test results for the laminate 80 of Figure 8 
are shown in Figure 10. Fatigue behavior of the Figure 9 
laminate 90 is plotted in Figure 11. 

30 The fatigue behavior of several different test speci- 
mens is plotted in Figures 10 and 1 1 . Plot A represents 
an average of the unspliced laminates. Specimens B, C, 
D and E were all spliced. Crack locations on the center 
sections of the spliced laminates were as follows: B- 

35 front side, left; C-front side, right; D-back side, left; and 
E-back side, right. 

Fatigue behavior shown in Figures 10 and 11 is 
similar for both spliced and unspliced laminates up to 
about 20,000 fatigue cycles. Surprisingly, however, after 

40 20,000 cycles, the spliced laminates all demonstrated 
reduced crack growth compared with the unspliced 
specimens. 

Residual strength of the spliced laminates 80, 90 of 
Figures 8 and 9 was also tested by measuring gross 

45 stress to failure in the longitudinal (300 mm) direction for 
both spliced and unspliced laminates. Test results are 
shown in Figure 12. Surprisingly, the 3/2 laminate 80 
had a residual strength of 395.7 MPa compared with 
329.3 MPa for an unspliced laminate. Similarly the 5/4 

so laminate 90 had a residual strength of 378.4 MPa com- 
pared with 345.6 MPa for an unspliced 5/4 laminate. 

Although the present invention is principally 
directed at production of wide (greater than about 165 
cm) panels, it may be desirable to produce narrower 

55 spliced panels in order to take advantage of their 
enhanced residual strength. Spliced panels of the 
invention will generally have a width of at least 100 cm 
(39 in), preferably in the range of 250 cm to 400 cm (98 
in to 157 in). The maximum width presently contem- 
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plated is approximately 800 cm (315 in). 
Claims 

1 . A laminated panel comprising at least: s 

(a) a first metal layer having a thickness of less 
than 1 mm and comprising a first section, a 
second section generally coplanar with the first 
section and a first splice line between the first w 
and second sections; 

(b) a second metal layer having a thickness of 
less than 1 mm and comprising a first section, 
a second section generally coplanar with the 
first section and a second splice line between is 
the first and second sections, the second splice 
line being spaced laterally from the first splice 
line by at least several centimeters; and 

(c) a fiber reinforced adhesive layer between 
the first and second metal layers. 20 

2. The panel in accordance with claim 1 , wherein said 
first and second splice lines are generally parallel. 

3. The panel in accordance with claim 1 , wherein said 2s 
metal layers have first and second lateral edges on 
opposite lateral sides of sad splice lines, said first 
and second lateral edges being separated by a 
width of at least 165 cm. 



4. The panel in accordance with claim 1 , having a rec- 
tangular shape with a length and a width and 
wherein the splice lines are generally parallel to the 
longer of the length and the width. 

5. The panel in accordance with claim 1 , wherein the 
metal layers each have a thickness of 0.2-0.5 mm. 

6. The panel in accordance with claim 1 , wherein the 
fibers constitute 35-75 vol.% of the total volume of 
adhesive and fibers combined. 
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7. The panel in accordance with claim 1 , wherein said 
metal layers are made from one or more metals 
selected from the group consisting of aluminum 45 
alloys, steel alloys, copper alloys, zinc alloys, tita- 
nium alloys, magnesium alloys and aluminum alloy 
matrix composites. 

8. The panel in accordance with claim 1 , wherein said so 
fibers are made from one or more materials 
selected from the group consisting of E-glass, R- 
glass, S2-glass or other types of glass, poly-pa ra- 
phenyleneterephthalamide or other types of ara- 
mids. and carbon. 55 

9. An aircraft fuselage or empennage which is at least 
partly built up of the laminated panel according to 
claim 1. 



10. An aircraft wing which is at least partly built up of 
the laminated panel according to claim 1 . 

PatentansprQche 

1 . Verbundplatte, die mindestens folgendes umfaBt: 

(a) eine erste Metailschicht mit einer Dicke von 
weniger ate 1 mm und mit einem ersten 
Abschnitt, einem zwerten Abschnitt, der allge- 
mein auf einer Ebene mit dem ersten Abschnitt 
liegt und mit einer ersten SpleiBlirrie zwischen 
dem ersten und dem zwerten Abschnitt; 

(b) eine zweite MetaOschicht mit einer Dicke 
von weniger als 1 mm und mit einem ersten 
Abschnitt, einem zweiten Abschnitt, der allge- 
mein auf einer Ebene mit dem ersten Abschnitt 
liegt und mit einer zweiten SpleiBlinie zwi- 
schen dem ersten und dem zweiten Abschnitt; 
und 

(c) eine faserverstarkte Klebstoffschicht zwi- 
schen der ersten und der zweiten Metail- 
schicht 

2. Platte nach Anspruch 1, wobei die genanrrten 
ersten und zweiten SpleiBlinien allgemein parallel 
zueinander verlaufen. 

3. Platte nach Anspruch 1, wobei die genannten 
Metallschichten erste und zweite Seitenkanten an 
entgegengesetzten lateralen Seiten der genannten 
SpleiBlinien aufweisen, wobei die genannten ersten 
und zweiten Seitenkanten durch eine Breite von 
mindestens 165 cm voneinander getrennt sind. 

4. Platte nach Anspruch 1 , wobei die Platte eine recht- 
eckige Form mit einer L&nge und einer Breite auf- 
weist. und wobei die SpleiBlinien allgemein parallel 
zu der langeren Serte der Ldnge Oder Breite verlau- 
fen. 

5. Platte nach Anspruch 1 , wobei die Metallschichten 
jeweils eine Dicke von 0.2 bis 0,5 mm aufweisen. 

6. Platte nach Anspruch 1, wobei die Fasern 35-75 
Volumenprozent des Gesamtvolumens aus Kleb- 
stoff und Fasern ausmachen. 

7. Platte nach Anspruch 1, wobei die genannten 
Metallschichten aus einem Oder mehreren Metallen 
hergestellt werden. die aus der Gruppe ausgewdhlt 
werden, die folgendes umfaBt: Aluminiumlegierun- 
gen, Stahilegierungen, Kupfertegierungen, ZinkJe- 
gierungen, Trtanlegierungen, 
Magnesiumlegierungen und Aluminiumlegierungs- 
Enlagerungsverbundwerkstoffe. 

8. Platte nach Anspruch 1, wobei die genannten 
Fasern aus einem oder mehreren Werkstoffen her- 
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gestelft werden, die aus der Gruppe ausgewahH 
werden, die folgendes umfaBt: E-Glas, R-Glas, S2- 
Glas oder and ere Glasarten, Polyparaphenylenter- 
ephthalamid oder and ere Aramtde und Kohlenstoff. 

9. Rumpf oder HGhenflosse eines Luftfahrzeugs, 
wobei der Rumpf oder die HGhenflosse zumindest 
teilweise aus der Verburdplatte gerr&G Anspruch 1 
bestehen. 

1 0. FIQgel eines Luftfahrzeugs, wobei der FIQgel zumin- 
dest teilweise aus der Verburdplatte gemdB 
Anspruch 1 besteht. 

Revendications 

1 . Panneau stratrf i6, comprenant au moins : 

(a) une premi&re couche rrtetallique dont 
l'6paisseur est irr!6rieure k 1 mm et qui com- 
prend un premier trongon, un second trongon 
coplanaire de fagon g&terale au premier tron- 
gon. et une premiere ligne de raccordement 
bout k bout entre le premier et le second tron- 
gon. 

(b) une seconde couche ntetallique ayarrt une 
6paisseur interieure k 1 mm et comprenant un 
premier trongon, un second trongon coplanaire 
de fagon g6n£rale au premier trongon et une 
seconde ligne de raccordement bout k bout 
entre le premier et le second trongon. la 
seconde ligne de raccordement bout k bout 
6tant plac§e k une distance d'au moins quel- 
ques centimetres de la premiere ligne de rac- 
cordement bout k bout, et 

(c) une couche adhesive arm6e de fibres pla- 
c6e entre la premiere et la seconde couche 
mdtallique. 



6. Panneau seion ta revindication 1, dans lequel les 
fbres constituent 35 k 75 % en volume du volume 
total des fbres et de l'adh§sif combings. 

5 7. Panneau selon la revendication 1, dans lequel les 
couches ntetalliques sont fornrtees d'un ou plu- 
sieurs mgtaux choisis dans le groupe const rtu6 par 
les alliages d'aluminium, les alliages d acier, les 
alliages de cuivre, les alliages de zinc, les alliages 

10 de titane. les alliages de magnesium et les mate- 
riaux composites k liant d'alliage cTaluminium. 

8. Panneau selon la revendication 1, dans lequel les 
fibres sont forrrtees d'un ou plusieurs materiaux 
15 choisis dans le groupe form6 par le verre E, le verre 
R, le verre S2 ou d'autres types de verres, le poly- 
ter^phtalamide de parapttenytene ou d'autres types 
d'aramides et le carbone. 

20 9. Empennage ou fuselage d'a6ronef qui est construct 
au moins partiellement k I'aide du panneau stratifte 
selon la revendication 1. . 

10. Voilure d'a6ronef qui est construite au moins par- 
25 tiellement k partir du panneau stratrfte selon ta 
revendication 1. 
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2. Panneau selon la revendication 1, dans lequel la 40 
premiere et la seconde ligne de raccordement bout 
k bout sont parallel es de fagon g6n6rale. 



3. Panneau selon la revendication 1, dans lequel les 
couches rrtetalliques ont un premier et un second 45 
bond lateral places sur les cdtes lateraux opposes 
des lignes de raccordement bout k bout le premier 

et le second bord lateral 6tant s6par£s par une lar- 
geur cfau moins 165 cm. 

50 

4. Panneau selon la revendication 1 , ayarrt une forme 
rectangulaire ayarrt une longueur et une largeur, et 
les lignes de raccordement bout k bout sont paral- 
Idles de fagon g£n6rale k la plus grande des dimen- 
sions de longueur et de largeur. 55 

5. Panneau selon la revendication 1, dans lequel les 
couches ntetalliques ont chacune une 6paisseur 
comprise entre 0,2 et 0.5 mm. 
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